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When acetochlor is applied as a preemergent and placed into a controlled environment, there is a chance of decrease in efficacy with some types of formulations.  More specifically, the formulations that include the micro-encapsulation process. Depending on the components, the soil type that the product is applied to may contribute possibly cause the acetochlor to degrade with time.  The amount of moisture in the soil prior as well as after the herbicide application is another factor that may contribute to the effectiveness of the product. Even though it is a controlled environment, outdoor conditions can affect the behavior of plants with the sunlight intensity which may also make a difference in potency of products.  

Acetochlor, 2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl), is a type of acetanilide herbicide which is classified as an “Inhibitor of synthesis of very long-chain fatty acids (VLCFA)” (WSSA, 2014).  Acetochlor is registered for use in the U.S. and commonly used for the control of broadleaf and annual weeds in U.S. cropping systems (Yokley et al., 2002).  

Harness® contains the active ingredient acetochlor, and was developed by the Monsanto Company.  Effective use of this product includes surface application before or after planting.  After crop emergence is included in the spray timing, but it will not control emerged weed seedlings when applied alone (Monsanto Company, 2012).

Micro-encapsulated acetochlor is now available as well. The process of microencapsulating acetochlor consists of minuscule capsules that encompass a wall.  The inner portion of the microcapsule contains the active ingredient, acetochlor.  “Small is better” is a quote that may be of importance to someone taking an interest in the study of microencapsulation (Umer et al., 2011).  The purpose of these capsules is to control the release of the active ingredient.  This creates a longer residual in the soil as well as increased crop safety (Ditmarsen et al., 2012).  The pathway for acetochlor to affect weeds is either through the roots, shoots or cotyledons (Boger et al., 2000). Therefore, having the ability to control the release of the active ingredient has an advantage when applied preemergence (PRE) in the case where the weed has not begun to emerge.  Micro-encapsulated products sometimes contain safeners as well.  The purpose of the addition of a safener is to facilitate avoidance of crop injury (Stickler et al., 1969).  An example of this type of formulation is Warrant®.  Like Harness, Warrant was developed by Monsanto.  Warrant will not control weeds that have emerged, however, it does not have restrictions on application timing in regards to planting the crops (Monsanto Company, 2014).

In 1996, the first Roundup Ready® crops were introduced.  Since then, there is higher risk for glyphosate-resistant weed species to become increasingly widespread due to the repetitive use of the same site of action herbicide. This creates a need for superior weed management skills. Acetochlor was proven to control species that are glyphosate resistant like Palmer amaranth (Amaranthus palmeri). This only holds true if the herbicide is applied as a PRE (Cahoon, 2015).  

There are several factors that can be contributed to the successfulness or lack there of when applying micro-encapsulated acetochlor PRE. Rainfall, whether it be natural or artificial irrigation, is significant to the effectiveness of a PRE herbicide.  The amount of moisture in the soil as well as the soil’s ability to absorb the herbicide may cause a challenge for the plants of seeds to receive the herbicide (Stickler et al., 1969).  The amount of moisture in the soil is determined by the characteristics of the soil.  The characteristics of the soil as well as the climate are both vital features with PRE herbicides (Knake et al., 1967).  Having a choice in soil and the ability to control the amount and timing of watering seems simple enough, but it is in fact complicated.  The type of soil and mixture of soil types can affect the amount of water that can be used after application for both types of acetochlor, like Harness, and micro-encapsulated acetochlor, like Warrant.  A sufficient amount of activation moisture applied within 7 days before the weeds emerge may increase control.  Excessive amounts of precipitation could reduce weed control.  According to the product labels, a sufficient amount of rainfall for Harness is ¼ to ¾ of an inch while for Warrant, a satisfactory amount is ½ to ¾ of an inch (Monsanto Company, 2012; Monsanto Company, 2014).

Besides soil type, amount and timing of rainfall, the depth of the weed seed, and most particularly to greenhouse testing, the types of nozzle used for initial rainfall seem to be possible factors additionally.  The last factor that may be of interest is the extreme seasons, greenhouse testing winter conditions vs. summer conditions.  For the summer conditions, the use of fans in the greenhouse can affect the placement of water droplets on the soil surface of the pots for the initial activation rainfall. 

Acetochlor has shown to be highly leachable and be found in non-target areas (Li et al., 2008).  This happens prior to the chemicals’ ability to reach and react with its target.   Discovering the answers to these problems may help with decisions when applying this product in the field.  Even though the amount of rainfall after application cannot be controlled in the field without having an irrigation system, knowing which type of soil is ideal for the product could have an advantage in several areas.  

The known benefits of applying micro-encapsulated acetochlor, as opposed to regular acetochlor, are extremely useful in PRE situations but testing is vital especially as new weed species become prevalent.  The effectiveness of  a PRE application of micro-encapsulated acetochlor in a greenhouse setting has the potential to decrease depending on several combinations of factors.  This study has the potential to alleviate the variability of the efficacy.    

The objectives of this study are to:
1.  Discover what type of soil is ideal for implementing PRE trials using micro-encapsulated acetochlor in greenhouse environments.  
2.  Determine the best watering method to utilize after herbicide applications in greenhouse conditions.




PRE herbicide studies were conducted under greenhouse conditions at the Monsanto Company in St. Louis, Missouri.  Greenhouse temperatures were approximately 80˚ F during the daylight hours and 70˚ F at night and the photoperiod of the greenhouse was set at 14 hours, 6 am to 8 pm.  The light intensity will vary with the time of year but if the light intensity exceeds 700 micro-Einsteins outside at any point, all lights turn off. 
 
Spray equipment utilized in the study was built in-house.  The sprayer has the ability to replicate a sprayer in a field situation, but on a smaller scale.  The spray nozzle was a stainless steel flat even XR 9501 made by UniJet and supplied by Spraying Systems Company (Wheaton, IL.).  The 95 signifies the angle degree the nozzle sprays and the 01 indicates 0.1 gallons/minute which is the capacity size of the nozzle (Spraying Systems, 2008).  A PRE application was made with a spray volume of 10 gallons per acre (GPA). 
 
The study consisted of a total of eight spray trials testing five factors.  These factors included herbicide, soil type, rainfall activation, timing of the rainfall activation, and outside extreme temperature.  Four trials were conducted in the winter time and then replicated in the summer time.  The other four factors were present throughout all the trials.  All experiments had each soil type but the watering method differed for each.  There were a total of 20 treatments by 6 replications for each trial. The herbicides present in each study were Harness ® and Warrant ®.  The treatment list for each of the trials is shown below in Tables 1, 2, 3, and 4.  As previously mentioned, Warrant is a micro-encapsulated formulation of acetochlor, 2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl), while Harness is not.  There was one broadleaf and one narrowleaf weed species tested in each experiment.  The broadleaf species was waterhemp [Amaranthus tuberculatus (Moq.) Sauer].  The Bayer Code for waterhemp is AMATA.  The narrowleaf species was giant foxtail [Setaria faberi (L.) P. Beauv.].  The Bayer Code for giant foxtail is SETFA.  These two weed species were planted by hand using small scoops to ensure a consistent amount of seed being distributed throughout each pot.  Scoops were used at an attempt to keep the amount of seed consistent throughout each pot.  The scoop provided approximately 385 seeds and the giant foxtail with 58 seeds per pot.  Both species had a germination rate of roughly 25%.   The seed is provided by Azlin Seed Service based in Leland, Mississippi. 
Hummert International (Earth City, MO) is the distributing company utilized for the pots filled with soil as well as bins of cover soil.  The pots were from T.O. Plastics (Clearwater, MN) and are Square Vacuum Deep (SVD) with the dimensions of each being 3.53 x 2.56 x 3.5 inch.  Four soil types were used throughout the tests consisting of Redi-earth, field soil, and two mixtures of both types of soil.  The Redi-earth, from Sun Gro Horticulture (Agawam, MA), is a soil that consists of “55-66% fine Canadian sphagnum peat moss, vermiculite, starter nutrient charge (with gypsum), and dolomitic limestone, and a wetting agent” (Hummert International, 2014).  Six pounds per cubic yard of 14-14-14 (N-P-K) fertilizer was added to all the soil types. The field soil considered in comparison was a sandy loam and was obtained from Chesterfield Top Soil in Chesterfield, Missouri.  One mixture was 50% of field soil and Redi-earth (50/50).  The other mixture consisted of 75% of the field soil and 25% of the Redi-earth (75/25).  These mixtures are performed at Hummert International in which they mix one cubic foot at a time.  The field soil that is used undergoes a steaming process prior to being mixed and delivered.  The purpose of this steaming process is to eliminate any possible pathogens that may be present.  When the steaming process is requested, the soil is steamed at 180°F for two hours.

Depending on the crop species intended for planting, there was a range of rates of acetochlor which are optimal for weed control.  The ideal range of rates for corn (Zea mays L.) is 1500-3360 g ai/ha and for soybean (Glycine max (L.) Merr.), it is 930-3360 g ai/ha (Weed Science Society of America, 2014).  There were two rates applied for each herbicide with the lower rate beginning toward the middle of each range at 1260 g ai/ha.  The second rate was the highest suggested being 2520 g ai/ha.  The mixing method used was to make a stock solution with de-ionized water at 2520 g ai/ha for each herbicide.  A dilution is then made for the treatments to achieve the 1260 g ai/ha which was the spray solution.  With this being a PRE trial, soil flats were sprayed instead of by the individual pots.  A soil flat holds 18 pots and two flats were sprayed at the same time.  Each herbicide rate was sprayed four times for each test.                

The soil in the pots were dry at the time of herbicide spray application.  All trials were randomized and blocked by replication in the greenhouse.  After the spray application, pots were rain activated with different amounts of water (¼ inch or ½ inch) and two different timings. The timings of the rain activation were at 24 hours or 72 hours after spray application.  This rain activation was preformed with an electronic overhead-moveable boom located above the greenhouse benches.   The number of passes used for each amount of watering varies depending on which boom was utilized.  Each boom though, is calibrated using a tool that measures the amount of water being dispersed to show consistency in watering.  The nozzle type used on the watering boom was a TTI 110015.  The TTI stands for Turbo TeeJet Induction and the numbers indicate the same as mentioned in the spray application above; 110˚ spray angle with a 0.015 gallon/minute capacity size. These nozzles are made by TeeJet and distributed by many companies, in this case, Dultmeier Sales.  The trials received additional moisture through sub irrigation at the same time the rain activation was received.  This will ensure total water saturation throughout the pot to assist the germination process.  
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With both herbicides, the analysis began with a graph for each species including all the variables, Figures 1 (waterhemp) and Figure 3 (giant foxtail).  Figure 1 illustrates the variables for Harness applied on waterhemp.  Both 75/25 and the field soil revealed 100% control of waterhemp with all timings and irrigation which are boxed in (Figure 1).  The factors with the least amount of consistency are within the 50/50 soil mixture and the Redi-earth soil, when Harness was applied at 1260 g ai/h with ¼ inch rain activation, at 72 hours after treatment (Figure 1).  The 50/50 and Redi-earth soils showed a range of values from 95-100% whereas the 75/25 and field soil had 100% control all around therefore, either 75/25 or field soil would provide the best outcome (Figure 2).    Winter only had one data point that exhibited less than 100% control which is 1260 g ai/ha, 72 hours after treatment with ¼ inch overhead on 50/50 soil. The summer applications on the other hand had six combinations with less than 100% control.    


Figure 1. Preemergence control of waterhemp with Harness evaluated in the greenhouse using four different soil types, two rain activation quantities, two activation timings, and two seasonal timings.


Figure 2. Four different soil types of preemergence control




Figure 3. Preemergence control of giant foxtail with Harness evaluated in the greenhouse using four different soil types, two rain activation quantities, two activation timings, and two seasonal timings. 
	




Figure 4. Two of the four soil types of preemergence control to giant foxtail with 
Harness evaluated in the greenhouse. 








Figure 6. Preemergence control of waterhemp with Warrant evaluated in the greenhouse using four different soil types, two rain activation quantities, two activation timings, and two seasonal timings.


Warrant application to waterhemp is more consistent in the summer than the winter (Figure 6).  Majority of the combinations showed 95% or better control of waterhemp in the summer whereas the winter treatments had many treatments with 80-85% or better control of waterhemp.  In the winter, there were eight combinations that revealed 90% control or less.  Redi-earth soil showed to have the best control over all other soil types in both seasons (Figure 6).  Within just the Redi-earth treatments for Warrant application on waterhemp, there was a range of 90-100% control for treatments applied at 1260 g ai/ha where the 2520 g ai/ha rate ranged from 92-100% (Figure 7).  Five treatments showed inconsistency that had rain activation at 72 hours after treatment and only one treatment that had control for 24 hours after treatment. As for the rain activation amount, ¼ inch had four inconsistencies that ranged from 90-100% where ½ inch only had two that ranged, otherwise they were consistent at 95% or 100%.  

Figure 7. Redi-earth data for preemergence control




Figure 8. Preemergence control of giant foxtail with Warrant evaluated in the greenhouse using four different soil types, two rain activation quantities, two activation timings, and two seasonal timings.

The control of giant foxtail with Warrant (Figure 8) was not as consistent as the control with Harness (Figure 3).  The winter control of Warrant on giant foxtail was higher in most cases and much more consistent than the summer control.  In the winter applications, 50/50 and Redi-earth provide 85% control or better on giant foxtail, while the summer applications only resulted in similar control with Redi-earth soil.  All other soil types gave less control with some ranges of 0-100%.  It was difficult to determine the best option for all other variables in either season for Warrant on giant foxtail.  The application rate of Warrant on giant foxtail at 1260 g ai/ha had three treatment combinations that ranged in control of 60% or 70 to 100% whereas the largest range was 85-100% for the 2520 g ai/ha rate.  The range of control for both rain activation timings was close but the 24 hour after treatments were slightly better at 70-100% whereas the 72 hour treatments were 60-100%.  As for the rain activation, ¼ inch only had six inconsistent combinations versus eight for ½ inch but one of the ¼ inch activations had the range of 60-95%.  All other treatments demonstrated higher levels of giant foxtail control. 


Figure 9. Redi-earth data for preemergence control to























Figure 10. Harness control on waterhemp.


Figure 11. Warrant control on waterhemp.








Figure 12. Harness control on giant foxtail.


Figure 13. Warrant control on giant foxtail.

Some of the same comparisons between herbicides on waterhemp hold true on giant foxtail, for example the overall control.  Harness control (Figure 12) showed better than Warrant (Figure 13) of giant foxtail. There was one treatment for Harness (Figure 12) that had a range of 50-100% but the rest were 80% or better with the majority of winter treatments exhibiting better than 95%.  Control of giant foxtail for Warrant applied treatments ranged much larger at 0-100% throughout all the variables.  The seasonal consistency revealed the same results though between the two herbicides.  Both herbicides showed better consistency, as well as higher control, on giant foxtail in the winter treatments as compared to the summer treatments (Figures 12 and 13).

With all the result comparisons for consistency and control, the best combinations of variables for each herbicide by species have been determined.  Because the majority of control was close to 100% for Harness throughout all trials, one soil could not be chosen as more consistent than the others with either species.  The other variables showed consistency that could be narrowed down to one each and it was unexpectedly the same for each scenario.  When waterhemp was treated with Harness, the most consistent soils would be field soil or 75/25.  The other variables for these treatments were 2520 g ai/ha with ½ inch rain activation applied at 24 hours after treatment.  For Warrant applied on waterhemp, the result of consistency for variables was Redi-earth soil, applied at 2520 g ai/ha with ½ inch rain activation applied at 24 hours after treatment.  The two soils that held the same consistency for giant foxtail applied with Harness were 50/50 and Redi-earth.  Notice that these soil types are the opposite required for waterhemp control.  The other variables Harness treatments on giant foxtail were 2520 g ai/ha with ½ inch rain activation applied at 24 hours after treatment.  The results for Warrant applied to giant foxtail revealed Redi-earth soil, applied at 2520 g ai/ha with ½ inch rain activation applied at 24 hours after treatment to have the most consistency.  Winter was more consistent in all scenarios except when Warrant was applied on waterhemp (Table 5).  
  
Table 5. Treatment conditions for best results by each species and herbicide.​[5]​








Harness applied treatments controlled both giant foxtail and waterhemp better than Warrant even though there were differences in the performance between soils and weed species.  Warrant on the other hand exhibited more variability in weed control but had a consistent final result for each scenario where Redi-earth provided the best level of weed control.  There is no evidence that any particular factors that were tested are required for Harness applications in the greenhouse considering that the majority of control for both ranged from 90-100%.  Additional testing would need to be done to confirm entirely but soil type does not make a difference on the effectiveness of Harness on weed efficacy.


























Boerboom, C., and M. Owen. 2006. Facts about glyphosate-resistant weeds. Purdue University.  https://www.extension.purdue.edu/extmedia/GWC/GWC-1.pdf (​https:​/​​/​www.extension.purdue.edu​/​extmedia​/​GWC​/​GWC-1.pdf​) 

Boger, P., B. Matthes, and J. Schmalfub. 2000. Towards the primary target of chloroacetamides-new findings pave the way. Society of Chemical Industry. doi: 10.1002/(SICI)1526-4998(200006)56:6<497::AID-PS169>3.0.CO;2-W   

Cahoon, C.W, A.C. York, D.L. Jordan, W.J. Everman, R.W. Seagroves, L.R. Braswell, and K.M. Jennings. 2015. Weed control in cotton by combinations of micro-encapsulated acetochlor and various residual herbicides applied preemergence. Weed Technology 29:740-750. doi: http://dx.doi.org/10.1614/WT-D-15-00061.1 (​http:​/​​/​dx.doi.org​/​10.1614​/​WT-D-15-00061.1​)  

Ditmarsen, S., D.J. Linscott, S.L. Wilson, P.J. Howard, D.G. Ouse, B.M. Downer, E. Scherder, J. Cobb, M. Woodruff, R. Boeker, S.M. Ferguson, and C. Gallup. 2012.  Herbicidal capsule suspensions of acetochlor containing reduced amounts of safener. US Patent 13/299,391. Date issued: 24, May.

Hummert International. 2014. 2014-2015 Commercial Catalog. Earth City, MO.

Jhala, A.J., M.S. Malik, and J.B. Willis. 2015. Weed control and crop tolerance of micro-encapsulated acetochlor applied sequentially in glyphosate-resistant soybean. Canadian Journal of Plant Science 95:973-981. doi: 10.4141/cjps-2014-422  

Knake, E.L., A.P. Appleby, and W.R. Furtick. 1967. Soil incorporation and site of uptake of preemergence herbicides. Weed Science 15:228-232. 

Li, J., Y. Li, and H. Dong. 2008. Controlled release of herbicide acetochlor from clay/carboxylmethylcellulose gel formulations. J. Agricultural and Food Chemistry 56:1336-1342. doi: 10.1021/jf072530l 

Mogul, M.G., H. Akin, N. Hasirci, D.J. Trantolo, J.D. Gresser, and D.L. Wise. 1996. Controlled release of biologically active agents for purposes of agricultural crop management. Pollution Control and Management and Environmental Toxicology 4:289-320. 

Monsanto Company. 2012. Harness herbicide label. Monsanto Company. (25 Oct. 2015) http://www.cdms.net/ldat/ld07E001.pdf (​http:​/​​/​www.cdms.net​/​ldat​/​ld07E001.pdf​) 

Monsanto Company. 2014. Warrant herbicide label. Monsanto Company. (25 Oct. 2015) http://www.cdms.net/ldat/ld9KA005.pdf (​http:​/​​/​www.cdms.net​/​ldat​/​ld9KA005.pdf​) 

Spraying Systems Co. 2007. Industrial Spray Products. Wheaton, IL.

Spraying Systems Co. 2008. TeeJet Technologies. Wheaton, IL.

Stickler, R.L., E.L. Knake, and T.D. Hinesly. 1969. Soil moisture and effectiveness of preemergence herbicides. Weed Science 17:257-259.

Umer, H., H. Nigam, A.M. Tamboli, and M. Sundara Moorthi Nainar. 2011. Microencapsulation: Process, Techniques, and Applications. International Journal of Research in Pharmaceuticals and Biomedical Sciences. Vol. 2:474-481.

Weber, J.B., and C.J. Peter. 1982. Absorption, bioactivity, and evaluation of soil tests for alachlor, acetochlor, and metolachlor. Weed Science 30:14-20.  

Weed Science Society of America (WSSA). 2014. Herbicide Handbook. 10th Edition. Lawrence, KS. 

Yokley, R. A., L.C. Mayer, S.B. Huang, and J.D. Vargo. 2002.  Analytical method for the determination of metolachlor, acetochlor, alachlor, dimethenamid, and their corresponding ethanesulfonic and oxanillic acid degradates in water using SPE and LC/ESI-MS/MS. Anal. Chem. 74:3754-3759.  doi: 10.1021/ac020134q 










^1	 
^2	 
^3	 
^4	 
^5	 
